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The phase diagram for a portion of the ternary system Ce203-NarO-PzOS rich in P205 has been worked 
out. The durability of two cerium phosphates, CeP50j4 and CePIOY, was investigated and the melting 
point of CePrO,, determined (1064°C congruently). Phase diagrams of the two binary systems CeP309- 
CePSO14 and NaCe(P0&CeP5014 are presented. 0 1989 Academic Press. Inc. 

Introduction crystalline structure, polymorphism, and 
durability (2-8). 

As can be concluded from the literature, 
during the last several years, vast possibili- 
ties of using rare-earth elements and their 
compounds in different fields, e.g., in ce- 
ramic industry, metallurgy, luminophore 
technology, etc., have been found. For in- 
stance, double-condensed lithium-lan- 
thanum phosphates are valuable materials 
for quantum electronics, ultraphosphates 
NdP50i4 and LiNdP40i2 are used as laser 
materials, and the phosphates YPO4, 
YPS014r and GdP50i4 show luminescence 
when they are activated with different rare- 
earth elements. 

Experimental 

In this paper, results of an investigation 
of the phase diagram for a portion of the 
ternary system Ce203-Na20-P205 rich in 
PzOs is reported. In this composition range 
only the phase diagram of the system 
CeP309-NaP03 is known (I). Binary com- 
pounds rich’in P205, i.e., NaP03, CePSOid, 
and CeP309, are known and have been in- 
vestigated. However, the published data 
concern mainly the methods of synthesis, 

Reagent-grade CeOz, 99.9%, H3P04 85% 
analytical grade (Xenon), NaH2P04 . Hz0 
analytical grade, and NH4H2P04 analytical 
grade were used as starting materials. Ce- 
rium ultraphosphate CeP5014 was obtained 
from Ce02 and H3P04. A mixture of CeOz 
and H3P04 of molar ratio P/Cc = 10 was 
placed in a porcelain crucible and then va- 
porized slowly until a thick, transparent 
mass was obtained. The mass was then sin- 
tered in a gold crucible at 700°C for 24 hr. 
The obtained hard product was ground in 
agate mortar and then washed several times 
with distilled water and dried at 200°C. 

Cerium metaphosphate Ce(POj)j was ob- 
tained in two ways: (a) by sintering cerium 
ultraphosphate CeP50i4 at 960°C for 100 hr, 
which decomposes CePsOid to Ce(PO&, 
and (b) from cerium oxide CeOz and 
NH4H2P04 by sintering the mixture of these 
compounds stoichiometrically at 250, 500, 
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and 900°C for 2, 5, and 15 hr, respectively. 
Sodium metaphosphate NaPOj was ob- 
tained by complete dehydration of 
NaH2P04 * Hz0 at 300°C for 0.5 hr and then 
at 500°C for 2 hr. NaCe(PO& was obtained 
by sintering the mixture composed of I 
mole of Ce(PO& and 1 mole NaP03 at 
750°C for 20 hr. 

The experiments were performed with 
differential thermal analysis (DTA), X-ray 
powder diffraction techniques, and micro- 
scopic analysis in reflected light. Thermal 
analysis was performed with samples of 0.5 
and 3 g prepared in the following way: 
weighed components were mixed in a 
weighting bottle, ground in agate mortar, 
pressed into disks, placed in a gold cruci- 
ble, and precalcined at 500°C for several 
days. The thermal analysis (DTA) was per- 
formed using a derivatograph Type 3427 
(Hungarian, MOM) with photographic re- 
cording over the temperature range 20 to 
1200°C. Operating conditions were as fol- 
lows: sensitivity TG, 500 mg; DTA, l/IO; 
DTG, 1 /lo; speed of heating lO”/min, plati- 
num crucible. The standard substance used 
was A1203. Temperature was measured 
with a thermocouple which was standard- 
ized using the melting points of the follow- 
ing substances: NaCl, K2S04, and the poly- 
morphic transition temperature of KzS04 
(583°C). Differential thermal analysis 
(DTA) was used to investigate the liquidus 
and solidus relations, because above 900°C 
there is a composition change caused by the 
evaporation of P205. In addition, the sam- 
ples crystallize with difficulty and readily 
form glasses. The purity of reagents and 
phase structure of the substances were 
controlled microscopically. Microsections 
were prepared from melted and crystallized 
samples, which were polished and micro- 
scopically examined in reflected light. 

A quenching technique was also used for 
phase determination. Specimens equih- 
brated in an electric furnace were quenched 
in water. Phase identification was made 

with CuKa radiation from an HZG-4 dif- 
fractometer. 

Results and Discussion 

Before investigating phase dependencies 
for a portion of the ternary Ce,O,-NazO- 
PzOs system rich in P205, thermal experi- 
ments were carried out to determine the 
melting point of the ultraphosphate, 
CeP50r4. Experiments have shown that it is 
labile at higher temperatures. There is a 
strong endothermic effect which starts at 
about 900°C on the differential curve (DTA) 
of heating CeP50r4. This effect is accompa- 
nied by a two-stage decrease in mass of 
about 4% in the first stage. The isothermal 
measurement of mass decrement at 900°C 
was carried out in order to examine the 
course of CePsOr4 decomposition. It was 
noted that, after about 150 hr, CeP50r4 de- 
composes completely to form Ce(PO&. 
This phenomenon was found while study- 
ing the final product by powder X-ray dif- 
fraction techniques. For this reason im- 
mersed platinum ampoules have been used 
to determine fusion temperature of 
CeP50r4. The decomposition of CePS0r4 is 
minimized under such conditions. It has 
been discovered that cerium ultraphos- 
phate fuses congruently at 1064°C. Congru- 
ent formation of CeP50r4 is confirmed by 
microscopic observations in reflected light. 
Molten and quickly cooled CePs0i4 forms 
glass very easily. Figure 1 illustrates cerium 
ultraphosphate microphotography: white, 
primarily separated crystals of CePS0i4 are 
surrounded by glass. 

The stability of cerium polyphosphate 
Ce(PO& was also tested in this way. Durif 
(3) reported that R(PO& (R = La, Ce, Pr, 
Nd, Eu, Gd, Tb) decomposes into RP04 
and liquid. This decomposition was also ob- 
served in this laboratory. DTA measure- 
ments gave a decomposition temperature of 
- 1200°C. 

In the present work, which concerns a 
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FIG. 1. Composition: CeP50,4 (white crystals). 

portion of the system Ce203-Na20-P205 
rich in P205, there are two binary systems: 
Ce(PO&-CeP50i4 and Ce(PO&-NaPOX. 
The first of them, i.e., Ce(P03)3-CePs014, 
has not been known before. Figure 2 shows 
the phase diagram of this system examined 
in this laboratory on the basis of DTA heat- 
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FIG. 2. Phase diagram of the system Ce(PO&- 
CePS0,4. 

ing. The initial phosphates give a eutectic at 
1010°C at composition 55 wt% of CePs0r4. 

The second system, Ce(PO&-NaP03, 
is already known (I) and agrees with 
the results of the present authors. The 
NaCe(PO& compound occurs in this sys- 
tem and it decomposes on heating in a peri- 
tectic reaction at 865°C. NaCe(PO& gives a 
binary section with CeP50i4, which is not 
known so far. 

Figure 3 shows the phase diagram of the 
system NaCe(PO&-CePs0r4 examined in 
our laboratory on the base of DTA heating. 
This system, in the top part of the phase 
diagram, shows a ternary nature resulting 
from the peritectic reaction taking place. In 
the high-temperature part, up to 76O”C, four 
phases occur, viz.: liquid L, phosphates 
WP03)3, CeMh4, and NaCe(P03)4. As 
a result of the peritectic reaction liquid L 
and Ce(PO& become used up to yield 
NaCe(P03)4 crystals. Below 760°C the sys- 
tem has a binary nature and only CePSO14 
and NaCe(P03)4 exist. 

Figure 4 shows the DTA data on the com- 
position containing S-90 wt% of NaP03, 
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FIG. 3. Phase diagram of the system NaCe(PO&- 
CePSOI,. 

95-10 wt% of CePsOrd. The precalcined 
mixtures of CeP5014 and NaP03, weighed 
at specific weight ratios, were investigated 
by thermal analysis of heating. 

Phase composition of the mixtures after 
thermal analysis was examined by X-ray 

e u e . 
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FIG. 4. DTA heating data for precalcined composi- 
tions containing 5-90 wt% of NaPO,, 95-10 wt% of 
CePSO,,. 

powder diffraction and the following phases 
were discovered: NaPOx, NaCe(PO&, 
CeP50r4, and Ce(PO&. For this reason, the 
described mixtures underwent a diversified 
heat treatment and each phase obtained 
was identified by X-ray diffraction tech- 
niques. The following various heat treat- 
ments were used: 

(i) the samples were melted, crystallized 
with grafting, and cooled slowly to room 
temperature (Fig. 5A); 

(ii) the samples were melted, crystallized 
with grafting, sintered over the temperature 
range 450 to 700°C (according to the com- 
position), and then quenched from these 
temperatures (Fig. 5B); 

(iii) the samples were sintered over the 
temperature range 450 to 700°C (according 
to the composition) for a few hours and 
then cooled slowly to room temperature 
(Fig. 32); 

FIG. 5. Position of samples: (0) initial composition; 
(x) composition after heat treatment. Data are shown 
for (A) samples melted and cooled to room tempera- 
ture (i); (B) samples melted, sintered (450-7oO”C), and 
quenched (ii); (C) samples sintered (450-700°C) and 
cooled to room temperature (iii); (D) samples sintered 
(450-700°C) and quenched (iv). 
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FIG. 6. Phase diagram of the system Na*O-Ce203- 
P,OS~ 

(iv) the samples were sintered over the 
temperature range 450 to 700°C (according 
to the composition) for a few hours and 
then quenched from these temperatures 
(Fig. 5D). 

Figures 5A, 5B, 5C, and 5D illustrate the 
phase composition of the samples, before 
and after using the heat treatment described 
above, which was identified on the grounds 
of the X-ray investigation. It was noted 
that, according to the thermal treatment 
and compositions used, reactions that lead 
to considerable change in the phase consti- 
tutions take place in the initial mixtures 
(CePSO14 + NaP03). 

On the basis of the results presented 

here, a phase diagram for the system 
CezOx-Na20-P205 in a PzO&h portion 
was suggested and shown in Fig. 6. There is 
a triple peritectic point P in the field shown. 
The pp curve corresponds to a solidification 
of the double peritectic point according 
to the reaction: Lpp + Ce(PO& + 
NaCe(PO&. Other curves correspond to a 
solidification of the double eutectic point. 
During solidification of the melts, corre- 
sponding to the points of Ce(PO&- 
NaCe(PO&-P-CeP5014 field triple peritec- 
tic quandrange, a triple peritectic reaction 
takes place: 

Lp + Ce(PO& + NaCe(PO& + CeP5014 

at 760°C (Lp denotes the liquid whose com- 
position corresponds to point P). 
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